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Preheating  Tests  Comparing  Alcohol,  End 
Bunker  Charcoal  and  Underslung  Charcoal 
Heaters.    Grand  Forks,  North  Dakota. 
February  and  Maroh,  1950. 


Preheating  of  cold  refrigerator  cars  for  shipment  of  potatoes  during 
the  winter  months  is  an  important  problem  in  the  Red  River  Valley.  Due 
to  the  severe  cold  in  this  section,  it  is  not  uncommon  to  have  inside  oar 
temperatures  of  minus  20°F.  or  below.    This  necessitates  preheating  the  oars 
prior  to  loading  to  an  inside  temperature  of  about  40°F.  above  zero. 

The  object  of  this  test  was  to  determine  the  relative  effioienoy  of 
aloohol,  end  bjmker  ciarooal  and  under  slung  charcoal  haaters  in  preheating 
oars  during  very  oolu  weather. 

EXPERIMENTAL  EQUIPMENT  AND  PROCEDURE 

Five  cars  were  used  in  Test  I  and  four  in  Test  II.    The  list  of  cars 
together  with  the  heaters  used  were  as  follows: 


Car  No.  Type  of  Heater                            Used  in  Test 

A-IC  50^37  Underslung-Charcoal                     I  and  II 

B-IC  50i+70  End  Bunker  -  Aloohol                   I  and  II 

C-IC  50lt4l  End  Bunker  -  Charcoal                  I  and  II 

D-BRE  74399  Under slung  -  Charooal                  I  and  II 

E-BRE  74398  End  Bunker  -  Charcoal  l/  I 

The  cars  were  spotted  on  an  East-West  track  in  Grand  Forks,  North 
Dakota  and  were  not  moved  during  the  duration  of  the  two  tests# 


TEST  CARS 


Just  previous  to  making  these  tests  all  of  these  cars  had  been  used 
on  a  banana  test  from  New  Orleans,  La.  to  Winnipeg,  Canada.  (H.T»&S» 
office  Report  No.  226).     They  were  all  40T  end  bunker  fan  oars,  the  I»C« 
oars  having  3~3"an  of  insulation  and  the  BREX  cars  having  4"*4'§'"«  Th© 
floor  raoks  were  covered  with  manila  paper,  except  at  the  doorway  where 
a  space  of  about  12  inches  was  left  uncovered.    This  is  standard  pro- 
cedure followed  by  the  Western  Fruit  Express  Co.  in  preparing  oars  for 
potatoes  during  the  winter. 


HEATERS 


The  Luminator-Mitchel  underslung  charcoal  heater  has  been  fully 
described  in  the  banana  report.    In  general,  it  consists  of  a  heater 
mounted  underneath  the  oar  vrtiioh  contains  a  heating  coil  that  is  con- 
nected to  a  pipe  coil  whioh  runs  underneath  the  floor  raok  of  the  oar. 
These  ooils  contain  a  mixture  of  water  and  ethylene  glycol.    The  heaters 
were  operated  by  manual  oontrol  at  the  widest  draft  opening.    In  Test  I, 
the  ashpit  door  was  olosed.    In  Test  II  this  door  was  replaced  by  a 


1/  This  car  equipped  with  underslung  heaters  but  used  as  an  end  bunker 
heated  car  in  this  test. 
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soreen  in  oar  D.  to  seoure  faster  burning.  The  underslung  heaters  were 
on  the  north  side  of  the  oars  in  these  tests. 

Simplex  heaters  were  used  for  the  end  bunker  charcoal  heaters,  one 
being  plaoed  in  eaoh  bunker. 

Preco  alcohol  heaters  with  the  thermostat  set  at  6o°F.  were  used 
for  end  bunker  alcohol  heaters,  one  being  plaoed  in  eaoh  bunker. 

TEMPERATURES 

Twelve  air  temperatures  were  obtained  in  eaoh  car  by  means  of  dis- 
tance reading  resistance  thermometers.    The  positions  in  which  they 
were  placed  were  as  follows  j 


Position  Designation 

Bottom  bunker,  center  line  and  north  side  BBCL,  BBNS 

Top  bunker,  north  side  TBNS 

Bottom  quarter . length,  center  line  and  north  side  BQCL,  BQNS 

Top  Quarter,  north  side  TQNS 

Bottom  doorway,  oenter  line  and  north  side  BDCL,  BDNS 

Middle  doorway,  north  side  MENS 

Top  doorway,  north  side  TDNS 

Liquidometer  positions,  top  and  bottom  TL,  BL 


All  of  the  positions  were  on  the  west  end  of  the  car  except  for 
the  liquidometer  positions  whioh  were  near  the  doorway  towards  the  east 
end.    The  top  positions  were  all  12  inches  from  the  ceiling  except  the 
liquidometer  position  which  was  at  the  oeiling.    The  bottom  positions 
were  all  resting  on  the  paper  oovering  the  floor  racks. 

In  addition  to  the  resistanoe  thermometer  readings,  inside  wall 
temperatures  were  obtained  by  fastening  thermocouples  to  the  inside 
wall  on  the  north  side  of  the  oars  on  the  west  end,  5  feet  from  the 
doorway  and  11+  inches  above  the  floor  raoks. 

TEST  PROCEDURE 

TEST  I 

The  doors  and  vents  of  the  oars  were  kept  open  for  2l\.  hours  prior 
to  the  start  of  the  test  so  as  to  thoroughly  oool  the  cars.    The  min- 
imum   temperature  during  this  2U  hour  period  was  minus  32°F.  and  the 
maximum  was  minus  12°.    The  doors  and  vents  were  closed  and  the  heaters 
lit  February  25  at  10:30  AM  when  the  test  was  started.     Temperature  re- 
cords were  taken  at  the  intervals  shown  in  the  upper  part  of  tables 
1  to  5  inclusive.    Readings    were  continued  for  1  day  after  the  heaters 
were  darkened  to  determine  temperature  changes  that  ocourred  in  the 
oars  after  the  heaters  were  darkened. 
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TEST  II 

Immediately  after  the  completion  of  Test  I  on  February  28  at  9:00 
AM,  the  doors  and  vents  were  opened  to  oool  the  car  down.    They  were 
olosed  the  following  day  at  5:00  PM  when  the  readings  for  Test  II  were 
started.    The  heaters  in  this  test  were  lit  at  10:00  PM.    The  main 
purpose  of  this  second  test  was  to  determine  the  rate  of  heating  of 
an  underslung  heater  car  (oar  D)  with  the  ash  door  replaced  by  a  screen 
to  seoure  faster  burning  since  the  rate  of  heating  in  the  underslung 
oars  in  Test  I  with  the  ash  door  closed  was  slow0    Temperature  records 
were  taken  at  the  intervals  shown  in  the  lower  part  of  tables  1  to  4 

DISCUSSION  OF  RESULTS 

TEST  I     (Feb.  25-28) 

The  air  temperatures  in  the  cars  are  given  in  the  upper  part  of 
tables  1  to  5  inclusive  and  the  comparative  rate  of  heating  of  3  of 
the  cars  is  illustrated  in  figure  1* 

Although  the  underslung  heaters  gave  the  most  uniform  temperatures 
throughout,  heating  was  not  so  rapid  in  these  cars.    Table  6  gives 
the  time  required  for  all  the  bottom  positions  and  the  average  of  the 
bottom  temperatures  to  reach  1|.00F.    It  required  Ifl  hours  from  a  starting 
temperature  of  around  minus  20°  for  the  average  bottom  layer  temperature 
to  reach  I±0    (which  would  be  considered  a  minimum  safe  temperature  for 
loading  potatoes)  in  car  A  which  was  equipped  with  an  underslung  heater. 
In  the  oomparable  end  bunker  oharooal  heater  cars  it  required  an  average 
of  27  hours  and  for  the  alcohol  heater  oar,  30  hours. 

The  time  required  for  all  positions  on  the  floor  of  the  car  to 
reach  1+0  F.  was:  in  the  underslung  heater  cars  over  i+8  hours;  for  the 
alcohol  heater  car  36  hours;  and  for  the  end  bunker  charcoal  heater 
oars  an  average  of  29  hours. 

After  the  heaters  were  darkened,  the  temperature  in  the  alcohol 
heater  car  started  to  drop  immediately.    However,  the  temperature  was 
high  enough  so  that  the  bottom  layer  average  temperature  was  still  35«9° 
F.  2I4.  hours  after  the  heater  was  extinquished.    The  average  bottom 
layer  temperature  in  the  end  bunker  charcoal  oars  was  well  above  I4.O0 , 
21;  hours  after  darkening  while  in  the  underslung  heater  cars  the 
average  bottom  layer  temperature  had  dropped  to  about  29°«     In  darkening 
the  heaters  in  the  end  bunker  charcoal  heater  cars  the  cut  off  slide 
was  olosed,  resulting  in  8  to  10  hours  further  burning  of  the  heaters 
thus  accounting  for  the  lag  in  temperature  drop  in  these  cars.  The 
weather  had  moderated  considerably  during  the  period  following  the 
darkening  of  the  heaters. 

It  should  be  pointed  out  that  these  oars  were  new  and  well  insula- 
ted.    The  probability  is  that  older  cars  in  poorer  condition  would  not 
heat  up  so  rapidly  nor  hold  the  heat  as  wello 


TEST  II  (Mar.  1-3) 


The  air  temperatures  for  this  test  are  given  in  the  lower  parts  of 
tables  1  to  U  inclusive  and  the  comparative  ra+e  of  heating  of  the  cars  is 
illustrated  in  Figure  1.     The  time  required  to  "bring  all  positions  on  the 
floor  and  the  average  bottom  layer  terrroerature s  to  Uo°  are  given  in  table  6. 
As  in  the  orevious  test,  nreheating  was  slow  in  the  underslung  car  with  the 
ash  pit  door  closed  (car  A).     Re-olacing  the  ash  oit  door  with  a  screen  speeded 
up  the  rate  of  burning  of  the  underslung  heaters  so  that  this  car  (car  D) 
warmed  up  nearly  as  fast  as  the  alcohol  and  end  bunker  charcoal  heater  cars 
(cars  B  and  C).     In  this  second  test,   ra+'e  of  heating  was  fastest  with  the 
end  bunker  charcoal  heaters  as  was  true  in  Test  1. 

FUEL  CONSUMPTION 

The  fuel     consumntion  for  the  ?  tests  are  given  in  table  7.     As  was 
found  in  the  banana  test,  fuel  consumption  for  the  charcoal  heaters  was  less 
in  the  end  bunker  than  in  the  underslung. 

COMPARISON  OF  LjjU_IDQMETEg  AND  RESISTANCE  THERMOMETER  READINGS 

Table  8  gives  the  air  temperatures  obtained  with  the  liauid ometers 
comared  with  those  obtained  with  resistance  thermometers  in  similar  loca- 
tions.    In  general,  the  liq'udometer  and  resistance  thermometers  were  in 
close  agreement  excer>t  in  the  bottom  -position  in  car  E  where  the  lioui do- 
meter  readings  were  appreciably  lower  than  the  resistance  thermometer 
readings.     Since  this  liquidometer  was  apparently  reading  correctly  in  the 
banana  test,  a  "oossible  explanation  is  the  position  of  the  bulbs.  The 
liquidometer  bulbs  were  below  the  floor  rac'-s  while  the  resistance  thermo- 
meter bulbs  were  resting  on  the  paper  covering  the  floor  racvs.     In  this  car 
which  was  heaten  with  end  bunker  heaters  there  could  have  been  considerable 
temperature  lag  below  the  floor  racvs  while  the  hee.ter^  were  bur  ling.  After 
the  heaters  had  been  darkened  ?U  hours,   the  bottom  resistance  thermometer  and 
liquidometer  readings  in  this  car  were  identical.     Because  of  the  nature  of 
the  operation  of  the  two  types  of  equipment,   the  resistance  thermometers  are 
more  responsive  to  raoid  changes  in  tenroerature  than  the  more  bulky  liquido- 
meter bulbs  which  is  illustrated  in  the  data  in  Table  8. 

SUMMARY 

Underslung  heaters  with  the  ashpit  door  closed  (normal  operation)  were 
slow  in  prewarming  cold  cars.     Fastest  preheating  was  obtained  with  end  bunker 
charcoal  heaters  although  alcohol  heaters  were  nearly  as  rapid.  Replacing 
the  ash  pit  door  with  a  screen  in  the  underslung  heater  accelerated  the  rate 
of  burning  resulting  in  nearly  as  raoid  preheating  as  with  the  end  bunker 
heaters.     It  should  be  noted  that  cars  preheated  bT-  portable  charcoal  heaters 
will  require  ventilation  prior  to  loading  to  eliminate  the  effects  of  toxic 
gases  on  loading  personnel.     This  will  result  in  a  considerable  loss  of 
heat  as  compared  to  a  car  preheated  by  the  underslung  heater,  which  can 
remain  burning  during  loading.     It  is  therefore  believed  that  the  slightly 
slower  heating  rate  of  the  underslung  heater  would  be  more  than  offset 
by  its  ability  to  remain  burning  during  loading  with  no  heat  loss  due  to 
airing  out  the  car. 
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Fuel  consumption  was  slightly  less  in  the  end  bunker  charcoal  than  in 
the  underslung  heaters  under  the  condition?!  of  this  test. 

Li  qui domet er  readings  were  generally  the  same  as  resistance  thermo- 
meter readings  located  in  the  same  position  except  at  the  bottom  position 
of  an  end  bunker  heated  car  where  the  difference  might  have  been  due  to 
the  placement  of  the  resistance  thermometer  bulb. 
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Table  No.  4 


Corrected  Air  Temperatures 

Car  Ho.     D     BRE  74399 

HEATER-UNEERSLUNG  CHARCOAL  -  Test  I.  -  Ash  door  closed 

Test  II,-  Ash  door  replaced  by  screen 


Date  Time 

OST 
F. 

Wind 

Feb. 

25  10:00A 

-19 

Calm 

10:30A 

1:00P 

-4 

SSW8 

2:  OOP 

0 

SSW6 

3:  OOP 

2 

SSW6 

5;  OOP 

1 

SSE7 

8:  OOP 

-12 

SSW9 

26  12:45A 

-16 

SSE8 

9:00A 

-9 

SSE19 

4:10P 

17 

SSE20 

27  9:30A 

17 

SSE30 

10:00A 

4:30P 

30 

SSW15 

9:15P 

25 

WNW20 

28  9:00A 

10 

W  40 

LIQUID- 

BL     MAX.  UN.  AVE.    AVE.  OMETER  INSIDE 

TOP     BOTT.  WALL 


Test  I. 

-1/     -1/     -1/     -1/     -1/     -1/     -1/     -1/     -1/     -1/   -1/   -1/   -1/   -1/  -1/  -1/        "3/  -1/  -19 

Heaters  lit  -20 

V  _ 

-1/   3       -1/  -3.3  -  -6  -12 

-8       8  -8  2.5  -1.0  -1  -12 

-3     M  -3  6.0  4.5       4-  -4 

4     23      4  10.8  11.7        8  2 

8     22       8  14.0  13.5  12  8 

19     37  19  28.0  26.3  24  18 

33     45  33  38.0  37.5       -  AO 

35     40  35  38.0  36.2  36  3A 

3A     39  33  36.0  34.7  35  34 

29     33  26  29.8  28.8  29  29 


-1/ 

-10 

-10 

-1/ 

-3 

-1/ 

-1/ 

-1/ 

-8 

-8 

-6 

%  - 

-9 

1 

-7 

-8 

-7 

-5 

-5 

-2 

-9 

-6 

-10 

3 

-4 

-5 

-2 

0 

1 

4 

-3 

1 

-4 

8 

2 

1 

4 

5 

7 

8 

3 

5 

1 

14 

6 

5 

6 

11 

15 

9 

9 

11 

8 

23 

13 

11 

12 

13 

15 

16 

11 

13 

12 

22 

15 

13 

14 

26 

29 

30 

24 

27 

23 

37 

28 

27 

28 

37 

39 

40 

35 

37 

36 

45 

38 

37 

38 

Heaters 

darkened 

36 

35 

40 

36 

37 

36 

39 

37 

37 

38 

34 

33 

39 

35 

34 

35 

37 

35 

35 

36 

29 

26 

33 

29 

28 

30 

30 

29 

28 

30 

Mar.  Test 


1 

5:00P 
10: OOP 

-2 
-12 

NNW20  -1 

-1 

6 

1 

1 

2 

0 

3 

Heaters 

3 
lit 

2 

9:00A 

-15 

SSE9  21 

27  . 

26 

20 

34 

22 

21 

31 

23 

4:30P 

4 

SE  16  33 

37 

40 

33 

47 

35 

33 

43 

37 

3 

9:00A 

12 

SE  19  45 

50 

51 

45 

57 

47 

46 

55 

48 

MAX. 

bun. 

AVE. 

AVE. 

TOPS 

BOTT. 

y 

y 

y 

i/ 

-3 

-u 

- 

i 

-7.5 

3 

-3.8 

8 

rt 

-8 

2.5 

-1.0 

14 

-3 

6.0 

4.5 

23 

4 

10.8 

11.7 

22 

rt 

O 

14.0 

13.5 

37 

19 

28.0 

26.3 

45 

33 

38.0 

37.5 

40 

35 

38.0 

36.2 

39 

33 

36.0 

34.7 

33 

26 

29.8 

28.8 

6 

-1 

4.0 

0.7 

34 

19 

23.5 

24.7 

47 

33 

37.0 

37.0 

57 

44 

48.2 

48.9 

5  1 

22     24     19     34   19      23.5    24.7      20  16 

36     37     33     47  33      37.0    37.0      34  29 

47     48     44     57  44      48.2   48.9      44  40 


1/    Colder  than  minus  10°F.,  lowest  point  on  instrument 


Table  No.  5 


Corrected  Air  Temperatures 

Car  No.  E     BRE  74-398 
HEATER-END  BUNKER  CHARCOAL 

  Test  I.    _   

LIQUID- 


Date  Time 

OST 

Wind  BBCL 

BBNS 

TBNS 

BQCL 

BQNS 

TQNS 

BDCL 

BDNS 

MDNS 

TDNS 

TL 

BL 

MAXo 

MINo 

AVE. 

AVE. 

OMETER 

INSIDE 

°F. 

TOPS 

BOTT, 

TOP 

BOTT. 

WALL 

Feb. 

25  lOsOOA 

-19 

Calm 

-1/ 

-1/ 

-1/ 

-1/ 

-1/ 

-1/ 

-1/ 

-1/ 

-1/ 

"1/ 

-1/ 

-1/ 

-1/ 

"1/ 

=1/ 

-1/ 

"1/ 

-1/ 

-14 

10s30A 

Heaters  Lit 

-13 

Is  OOP 

-4 

SSW8 

-7 

-7 

7 

- 

-6 

8 

-8 

-3 

2 

8 

11 

-8 

11 

-8 

8.5 

-6.5 

- 

- 

- 

2  s  OOP 

0 

SSW6 

-2 

1 

13 

-2 

-2 

12 

°4 

0 

8 

13 

16 

-3 

16 

-3 

13.5 

-1.7 

- 

3  s  OOP 

2 

SSW6 

4 

5 

19 

4 

4 

17 

1 

6 

13 

19 

23 

2 

23 

1 

19.5 

3.7 

20 

-11 

9 

5  s  OOP 

1 

SSE7 

12 

14 

28 

14 

13 

27 

10 

16 

23 

28 

33 

11 

33 

10 

29.0 

12.9 

28 

-8 

8  s  OOP 

-12 

SSW9 

22 

23 

37 

23 

23 

36 

21 

25 

30 

36 

42 

22 

42 

22 

37.8 

22.7 

38 

-4 

25 

26  12s45A 

-16 

SSE8 

28 

31 

42 

30 

30 

41 

28 

31 

37 

42 

46 

29 

46 

28 

42.8 

29.6 

42 

14 

9sOOA 

=9 

SSE19 

36 

37 

49 

47 

37 

48 

35 

37 

44 

49 

56 

35 

56 

35 

50.5 

37.7 

51 

24 

38 

4?10P 

17 

SSE20  48 

51 

62 

51 

50 

61 

47 

50 

58 

62 

66 

48 

66 

47 

62.8 

49.3 

63 

33 

27  9s30A 

17 

SSE30  62 

64 

74 

63 

63 

73 

60 

62 

69 

73 

78 

61 

78 

60 

74.5 

62.1 

65 

lOsOOA 

Heaters  Darkened 

63.7 

4s30P 

30 

SSW15  64 

65 

73 

64 

64 

72 

62 

64 

70 

72 

75 

63 

75 

62 

73.0 

74 

52 

9sl5P 

25 

WNW20 

62 

62 

67 

62 

61 

67 

60 

61 

64 

66 

70 

62 

70 

61 

67.5 

61.4 

70 

54 

28  9s00A 

10 

W   40  44 

43 

45 

45 

42 

45 

43 

41 

43 

44 

46 

44 

46 

41 

45.0 

43.1 

45 

44 

1/    Colder  than  minus  10°F.?  lowest  point  on  instrument. 


Table  No.  6 


HOURS  REQUIRED  FOR  ALL  OF  THE  BOTTOM  LAYER  POSITIONS  AND  THE 
AVERAGE  BOTTOM  LAYER  POSITIONS  TO  REACH  2+0 °F. 


Test  I    k/  Test  II  %/ 


All        Ave.  of  All        Ave.  of 

Car  Bot.      Bot.  Bot.  Bot. 


A.  Underslung  Charooal  -  l/  hi  ~  &/  ~  9/ 

B.  Alcohol  36  30  27  2k 

C.  End  Bunker  Charooal  33  30  l6  15 

D.  Underslung  Charcoal  -  2/  -  5/  29  7/  23  7/ 

E.  End  Bunker  Charooal  25  3/  2k  3/ 


l/  Minimum  temperature  was  J>6°  after  hi  hours. 

2/  Minimum  temperature  was  32°  after  hi  hours. 

3/  From  about  minus  ll;  • 

h/  From  about  minus  20°. 

5/  Average  bottom  temperature  v;as  37»5°  after  hi  hours. 

6/  Minimum  temperature  was  23°  after  35  hours. 

lj  With  ash  door  replaoed  by  screen. 

8/  From  about  2°. 

9/  Average  bottom  temperature  was  31»7°  after  35  hours. 


Table  No,  7 


FUEL  CONSUMPTION  IN  TESTS  I  AND  II 


Fuel  Consumption 

Car  No,  Type  of  Heater  Test  I  l/  Test  II  2j 


A. 

IC501+37 

Under s lung-Charcoal 

52  lbs. 

60  lbs. 

B. 

iC50i+70 

End  Bunker-alcohol 

8,06  gals. 

6.89  gals. 

C. 

IC50I44 

End  Bunker-oharcoal 

k5  lbs. 

52  lbs. 

D. 

BRE71+399 

Under slung-oharooal 

I4.6  lbs. 

67  lbs.  3/ 

E, 

BRE7U393 

End  Bunker -oharcoal 

50  lbs. 

1/   kli  hours 
2/    36  hours 

3/    Ash  door  replaced  by  soreen 
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